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ABSTRACT 
 
The objectives of this study were to identify the relationship of Ventilation with Excess Cancer Risk 
(ECR) of benzene at the shoe home industry in Romokalisari, Surabaya. This researchwas observational, 
cross-sectional study 10 workers as the total population. 
 
The data was analysed using cross tabulation to calculate the frequency of Ventilation and Excess Cancer 
Risk (ECR), that obtained from the value of benzene Carcinogen Intake (Ink), benzene concentration in 
work environment (C), worker’s weight (Wb), inhalation rate (R), length of work/day (tE), working 
frequency/year (fE), duration of work (Dt), and average time period (tavg). Analysis relationship between 
Ventilation with Excess Cancer Risk (ECR) of benzene carcinogen was using Coefficient-Contingency 
Test and Prevalence Risk (PR). 
 
From observation it was found that most of the workplace were not ventilated (9 places/90%). 
Concentrations of benzene 0.04 mg/m3-2.91 mg/m3, inhalation rate (R) 0.5 m3/hr-0.7 m3/hr, length of work 
per day (tE) 8 hours/day-15 hours/day, working frequency (fE) 312-365 days/year, duration of work (Dt) 
14 - 43 years, weight of worker’s (Wb) in 8 people (80%) ≤ 70 Kg, CSF benzene 0.055 mg/m3, and excess 
cancer risk (ECR) > 10-4 indicated that there was a possibility of carcinogenic health risks. P-value was 
0.035, meaning there was a relationship between the existence of ventilation with the Excess Cancer Risk 
(ECR) of benzene carcinogen in workers. Prevalence Risk (PR) was 9.0, meaning that the absence of 
ventilation has a 9 times greater risk of carcinogen health effects. Recommendations were by providing 
better ventilation in the workplace, consuming CYP2E1 enzyme contained in cow liver and salmon to 
lower benzene concentration in the body, it is necessary for risk management to include medical tests, 
added air vents, replaced with safer materials, and communicated to use personal protective equipment.12,16 
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 INTRODUCTION a variety of mixtures including benzene and toluene 
 
The use of chemicals in the informal industry 
which act as a solvent. Benzene is well known as a good 
 
organic solvent for various industrial processes such 
sector was significantly increasing. One of the informal 
as rubber industry, shoes, paint solvents, components 
sectors that use chemicals was home industry such as 
in motor fuel, component in detergents, pesticides and 
shoes or sandals industry that uses glue materials in their pharmaceutical manufacturing.8  
production process. In general, glue or adhesive contains 
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were disruption of the nervous system, lack of oxygen 
supply to the brain, dizziness, rapid heartbeat, headache, 
tremors, confusion,and fainting.17,18 Benzene toxicity 
 
to the central nervous system arises after exposure  
to benzene through inhalation/respiration with high 
concentrations (3,000 ppm for 5 minutes) or 30 to 60  
minutes via digestion.3 
 
This  was  in  accordance  with  the  results  of  a  
study, that conducted by Betty 4 on the health risk of 
benzene exposure to the worker at the leather shoes 
industry in Pulo gadung, Jakarta. The calculation of the 
carcinogen effects for exposure to lifetime and real-
time concentrations of benzene at risk of adverse health 
effects because of the value of excess cancer risk (ECR) 
>10-4 so that it required a risk management  
to protect workers in the five workshops. The exposure 
of safe benzene concentration for a carcinogenis 0.023 
mg/m3, while the benzene concentration at the shoe 
production place is 0.206 mg/m3, it is necessary for risk 
management to include medical tests, adding air vents, 
using safer materials, using food rich in glycine and  
using the personal protective equipment.16 
 
The home industry Romokalisari Surabaya were 
producing shoes. There is a process of gluing shoes with the 
 
use of glue materials in which there was benzene chemical 
content. The benefit of using ventilation in the shoes home 
industry Romokalisari, Surabaya was that it can decrease the 
level of exposure of benzene in the workplace, therefore 
 
the study aims to correlation the existence of ventilation  
with excess cancer risk (ECR) of benzene carcinogen in  
home industry Romokalisari Surabaya. 
 
calculation that was directly proportional to the value 
of benzene concentration in the working environment 
(C), inhalation rate of worker (R), length of work/day 
(tE), working frequency per year (fE), duration of work 
(Dt) and was inversely proportional to the worker’s 
characteristic value (consisting of worker’s weight 
(Wb) and average time period (tavg). 
 
Primary data collected include the presence of 
ventilation data and worker characteristics (worker’s 
weight (Wb), length of work/day (tE), working 
frequency every year (fE), duration of work (Dt)). 
Secondary data collection included benzene 
concentration value data in work environment (C), 
worker inhalation rate (R) and average time period 
(tavg) used for carcinogen intake benzene (Ink) and CFS 
value used to calculate Excess Cancer Risk (ECR). 
 
Data analysis was using cross tabulation to know the 
frequency of the presence of ventilation and frequency of 
value to determine Excess Cancer Risk (ECR) of benzene 
carcinogen that is the result of calculation from Intake 
benzene carcinogen (Ink)*CFS. To determine the value of 
carcinogen intake benzene (Ink), it was necessary to know 
the frequency of benzene concentration values in the work 
environment (C), inhalation rate of worker (R), length of 
work/day (tE), frequency of work each year (fE) , working 
duration (Dt), worker’s characteristic value (consisting of 
worker’s weight (Wb) and average time period (tavg).The 
relationship analysis of the correlation of ventilation with 
Excess Cancer Risk (ECR) of benzene carcinogen was 
using Coefficient-Contingency Test and to know the 
amount of risk was using Prevalence Risk (PR). 
 
MATERIALSAND METHOD 
 
This research was conducted on 8th of October 
2017 on the gluing section of shoehome industry 
Romokalisari Surabaya. This research was use the 
cross-sectional approach. The independent variable in 
this study was the ventilation on the nominal 
measurement scale. The dependent variable is the 
Excess Cancer Risk (ECR) of benzene carcinogen in 
ppm unit. Total population counted 10 samples. 
 
Variables in this study were the presence of 
ventilation and Excess Cancer Risk (ECR) of benzene 
carcinogen. Determination of Excess Cancer Risk 
(ECR) of benzene carcinogen was calculated from 
Intake benzene carcinogen (Ink)*CFS. The value of 
Intake benzene carcinogenic was the result of 
 
FINDINGS 
 
A. The Presence of Ventilation: Based on table. 1 
below, most of the place where the workers did their 
gluing work in the shoes home industry of  
Romokalisari, Surabaya had no ventilation as 
many 9 places (90%). 
 
Table 1: Distribution of Presence of Ventilation at 
Worker’s Place in The Shoes Home Industry of 
Romokalisari, Surabaya 
 
The Presence of Ventilation N % 
Yes 1 10,0 
No 9 90,0 
Total 10 100,0 
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Based on Regulation Ministry of Health Republic 
Indonesia No. 48 in 2016 about Occupational 
Safety and Health Standards in Office, it was said 
that one of the requirements of building safety and 
security was the availability of ventilation for 
circulation and air exchange needs, especially when 
there wasa component that used asolvent such as 
benzene. In addition, based on decision Ministry of 
Health Republic Indonesia No. 1405/ 
MENKES/SK/XII/2002 in 2002 about the Health 
Working Environment Requirements in the Office 
and Industry, it was said that every office space and 
industry had of ventilation holes. Standard air 
exchange was 0.283 m3/min/person with a 
ventilation of rate are 15 to 0.25 m/s. For non-air 
conditioned working, rooms should have a 
ventilation hole at least 15% of the floor area by 
applying a cross ventilation system.10 
 
LEED9, ASHRAE2, and ICC7, suggested that 
additional ventilation at the end of construction 
would reduced VOC concentrations (including 
benzene) to acceptable levels. In indoor 
environmental studies, BRE reported that seasonal 
variation in indoor air concentrations was due to 
higher concentrations of exterior air infiltrated to 
buildings, and a greater effect of indoor sources 
during the winter than in the summer months. This 
was because of the available ventilation a low/ bad 
level. VOC concentrations including benzene were 
reduced when the level of ventilation andmaterial 
emission standards were met. 
 
B. Excess Cancer Risk (ECR) of Benzene 
Carcinogen: The following numbers on the 
table below were the data of benzene 
concentration, inhalation rate, worker 
characteristics, carcinogenic benzene intake and 
Excess Cancer Risk (ECR) in the shoe home 
industry of Romokalisari, Surabaya. 
 
Table 2: Data of Benzene Concentration, Inhalation Rate, Workers Characteristic, Intake Benzene 
Carcinogen and Excess Cancer Risk (ECR) of Benzene Carcinogen in The Shoes Home Industry of 
Romokalisari, Surabaya. 
 
No. C R tE fE Dt Wb 
t
avg  
I
nk ECR 
Workers mg/m3 m3/jam Jam/hari days/year year Kg day  mg/Kg/day mg/Kg/day 
1. 1.12 0.5 13 312 43 42 25550 0.09791 0.005385303 
2. 1.12 0.6 9 312 43 52 25550 0.05955 0.003275346 
3. 0.06 0.6 14 312 36 50 25550 0.00426 0.000234135 
4. 0.06 0.6 8 312 40 48 25550 0.00277 0.000152429 
5. 1.27 0.7 10 350 27 70 25550 0.04367 0.002401576 
6. 1.27 0.6 8 365 20 50 25550 0.03346 0.001840544 
7. 1.27 0.7 8 312 14 80 25550 0.01477 0.000812257 
8. 1.27 0.6 15 365 23 53 25550 0.06959 0.003827613 
9. 2.91 0.7 10 312 25 85 25550 0.07249 0.003986947 
10. 0.04 0.7 15 365 20 70 25550 0.00159 0.000087647 
   Average     0.04001 0.002200379 
 
Table 2 above, the value of intake benzene 
carcinogenic (Ink) can be calculated using the 
following formula: Based on the calculation of 
Intake benzene carcinogen (Ink) value above, it was 
known that the maximum intake value received by 
workers in the shoes home industry Romokalisari 
Surabaya was 0.09791 mg/Kg/day). 
 
Excess Cancer Risk (ECR) of benzene carcinogen 
determines benzene exposure having carcinogenic 
risks in the worker’s body or not. The value 
 
Excess Cancer Risk (ECR) is calculated using 
the following formula: 
 
It was known that the carcinogenic benzene ECR 
values established by US-EPA19 was (<10-4) 
mg/Kg/day. Based on the calculation in Table 2 
above, the average value of excess cancer risk 
(ECR) on workers in the shoes home industry of 
Romokalisari Surabaya was 8 x 10-5 mg/Kg/ day 
and the highest ECR was 53 x 10-4 mg/Kg/ day. 
This showed that ECR >10-4, meaning that 
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there was a possible indication of the risk of 
carcinogenic health effect and the need for 
control measures.3 
 
This was in accordance with the results of study 
that was conducted by Rendi13 on the health risk 
assessment for exposure to benzene in SPBU 
Pancoranmas, Depok. Fuel pump operators have a 
risk carcinogenic effect of each individual can be 
concluded that at 3 years exposure there is 1 
employee who is at risk of cancer effect, and at 
lifetime exposure all employees are at risk of 
cancer. All of the population but the administrative 
staff was at risk of a carcinogenic effect on all the 
 
duration of exposure. It was advised that all workers 
should work no more than 3 years, working for a 
maximum of 6 hours/day or the use of appropriate 
PPE to protect them from the risk of cancer. 
 
C. The Presence of Ventilation with Excess Cancer 
Risk (ECR)of Benzene Carcinogen: Analysis of 
the relationship between of ventilation with 
 
Excess Cancer Risk (ECR) of benzene, the Excess 
Cancer Risk (ECR) has 2 value, that were ECR ≤ 
10-4 and ECR > 10-4, in the Prevalence Risk (PR) 
calculation. The following table was the 
relationship between of ventilation with Excess 
 
Cancer Risk (ECR) of Benzene Carcinogen. 
 
Table 3: Relationship between of Ventilation with Excess Cancer Risk (ECR) of Benzene Carcinogen The 
Shoes Home Industry of Romokalisari, Surabaya 
 
The Presence of 
Excess Cancer Risk (ECR)  
Total 
 
Prevalence Risk 
ECR > 10-4 ECR < 10-4 
 
p 
Ventilation 
   
(95%CI) 
N % N % N 
 
% 
 
    
Yes 0 0.0 1 10.0 1  10.0  
9.000 
No 8 80.0 1 10.0 9 
 
90.0 0.035  
(1.418-57.117) 
Total 8 80.0 2 20.0 10 
 
100.0 
 
   
 
The results in table 3 above, it was found that the 
p-value of the relationship between the Presence 
of Ventilation with Excess Cancer Risk (ECR) of 
benzene carcinogen was 0.035 and when 
compared with α that was 0.005 then p-value 
0.035 was smaller than α so it could be seen that  
there was a relationship between the presence of  
ventilation with Excess Cancer Risk (ECR) of 
benzene carcinogen in the shoe home industry of 
Romokalisari, Surabaya. 
 
Prevalence Risk (PR) showed 9, meaning that the 
absence of ventilation was 9 times greater risk for 
carcinogen health effects (ECR > 10-4) to workers 
in the shoe home industry of Romokalisari, 
Surabaya and there was a significant relationship 
between the presence of ventilation and the value  
Excess Cancer Risk (ECR) to worker in the shoe 
home industry of Romokalisari, Surabaya which  
could be seen from PR value does not pass 1 
(1,418-57,1117). 
 
The results of this study showed that the ventilation  
system controls the exposure of benzene in the 
shoe industry Romokalisari Surabaya, because  
the ventilation system works to draw more air into 
 
the work room by using fan to encourage air to 
rise and can be dilutied by mixing with fresh air  
entering ventilation, and equipped with exhauster to 
suck air contaminants out the room. In addition, 
workers are encouraged to use personal protective  
equipment, especially masks, placing some  
plants that work to accelerate the decomposition  
of benzene vapor, and always maintain good 
hygiene, and promote healthy life style.15 
 
CONCLUSION 
 
The result of the study found out that most of the 
places (90.0%) for workers to work did not have 
ventilation. The most of worker in the shoe home industry 
of Romokalisari, Surabaya had Excess Cancer Risk 
(80.0%) more than 1. There was a significant relationship 
between the presence of ventilation with Excess Cancer 
Risk (ECR) of benzene carcinogen in the shoe home 
industry of Romokalisari, Surabaya (p-value  
= 0.035, Prevalence Risk = 9.0).The recommendation 
was by making ventilation in a good workplace and by 
consuming CYP2E1 enzyme contained in beef liver 
and salmon that serves to lower benzene levels in the 
body, and the use of appropriate PPE to protect them 
from the risk of cancer.12,16 
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